Structure of reduced and oxidized manganese superoxide dismutase: a combined computational and experimental approach.
Manganese superoxide dismutases catalyze the disproportionation of the superoxide radical anion to molecular oxygen and hydrogen peroxide. Recently, atomic-resolution crystal structures of the reduced and oxidized enzymes have been reported. They show an active site with the manganese ion bound to one aspartate, three histidine residues, and a solvent molecule. In this paper, we combine crystallographic refinement with quantum mechanical methods to show that the solvent ligand is undoubtedly a water molecule in the reduced state. However, the putative oxidized structure is to a large extent reduced during data collection, so that it contains a mixture of the Mn2+ and Mn3+ structure. The crystal structures show that the Mn-bound solvent molecule accepts a hydrogen bond from the side chain of the conserved Gln-146 residue. If the solvent ligand is water, then this could lead to a steric clash, but it is avoided by the plane of water molecule forming an angle of 72 degrees to the Mn-O bond. Such a conformation is also found outside the enzyme, giving a minimal destabilization of the reduced state. We show by molecular dynamics simulations that the suggested Mn2+-H2O and Mn3+-OH- structures are stable. Moreover, we show that the superoxide substrate may bind both in the first coordination sphere of the Mn ion, opposite to the aspartate ligand, or in the second sphere, close to the conserved Tyr-34 and His-30 residues, approximately 5 A from Mn. However, the second-sphere structures are not stable in long molecular dynamics simulations. We see no difference in the coordination between the reduced and the oxidized states of the enzyme.